We present Atacama Large Millimeter/ sub-millimeter Array (ALMA) observations of V883 Ori, an FU Ori object. We describe the molecular outflow and envelope of the system based on the • for the outflow cavities. Also, we find that the outflow is very slow (characteristic velocity of only 0.65 km s −1 ), which is unique for an FU Ori object. We calculate the kinematic properties of the outflow in the standard manner using the 12 CO and 13 CO emissions. In addition, we present a P Cygni profile observed in the high-resolution optical spectrum, evidence of a wind driven by the accretion and being the cause for the particular morphology of the outflows. We discuss the implications of our findings and the rise of these slow outflows during and/or after the formation of a rotationally supported disk.
INTRODUCTION
During the early stellar evolution process the key to understanding outflow motions is hidden. In stellar formation, these outflow motions might regulate the final stellar mass with a core-to-star efficiency of only 30% (Offner et al. 2014 ). In addition, it is believed that these outflows carry matter back to the molecular cloud, transporting energy and momentum to it, which may affect the dynamics of the surrounding envelope. However, the formation, evolution and effects of these flows is highy debated. Thus, a full understanding of the origin and evolution of these winds/outflows, might disentangle the unknown physical mechanisms that dictate the 1) low mass star formation efficiency in turbulent clouds (Krumholz et al. 2012) and 2) an efficient transport of angular momentum to permit the accretion of matter onto the central star (Blandford & Payne 1982) . However, the physical origin(s) and features of these outflows are not well understood and our current knowledge of the entrainment process is limited due to the inability to trace the molec-ular gas a scale of a few au. In the ALMA era, observations of higher sensitivity and spatial resolution of young stellar objects surrounded by structures carved out by these outflows are required (see Frank et al. 2014 , for a review). FU Orionis objects (FUors) are ideal candidates to observe and analyse due to their main characteristics: strong outflows and massive envelopes.
FUors are generally identified by their large and sudden increase of luminosity in optical light. This increase takes place in around ∼ 1−10 yrs and can amount to ≥ 5 mag in optical light. Although this optical variability has not been completely incorporated in the big picture of stellar formation and the evolution process, a large amount of matter (∼ 0.01 M ⊙ ) accreting from the circumstellar disc onto the central object (∼ 10 −4 M ⊙ yr −1 ), is the most likely cause of this variability (Hartmann & Kenyon 1996) . These short events might be outbursts that are connected to the broad range of outflows observed in FUors. The surrounding envelope directly interacts with these outflows, which are likely the main dispersing mechanism of the natal circumstellar gas and dust, driving the evolution from a Class 0/I object to a Class II. From an observational perspective, an evolutionary trend in the opening angle of general protostellar outflows has been detected (Velusamy & Langer 1998 ; Reference: (1) 2MASS All-Sky Point Source Catalog, (2) Cieza et al. (2016) , (3) Strom & Strom (1993) , (4) Spectral parameters from Caratti o Garatti et al. (2012) . Arce & Sargent 2006; Seale & Looney 2008) , where the outflow erodes the envelope and the widening of the cavity increases as the outflow ram pressure highly dominates over the infall ram pressure (Arce & Sargent 2004) . The concept that cavities widen with time, postulates that Class 0 objects present opening angles ranging from 20
• -50
• , Class I between 80
• and 125
• and Class II objects present outflows with cavities ≥125
• (Arce & Sargent 2006) . Highly collimated and wide-angle molecular outflows differ in their gas velocities and mass. The former usually presents velocities on the order of v∼ 100−1000 km s −1 , while the latter, less collimated outflows, are more massive with velocities on the order of v ∼10−30 km s −1 (see Audard et al. 2014 , for a review). Theoretically, the observed widening in outflows might be connected to the interaction of highly accreting disc inner edges with a strongly magnetised central star, raising energetic winds. Among these models are the X winds (Shu et al. 2000) , disk winds (Pelletier & Pudritz 1992; Pudritz et al. 2007) , and accretion-powered stellar winds (Romanova et al. 2005) . More collimated outflows might be explained by a jet-driven bow shock, which essentially is an expanding bow shock produced by a dense and collimated jet that propagates through the ambient material, forming a thin shell of gas entrained in the wake of the outflow and extending from the jet head back to the star (Raga & Cabrit 1993; Ostriker et al. 2001) .
In addition, the detection of P Cygni profiles 1 mainly in Hα and Na D lines are suggestive of energetic mass outflows/winds. These profiles, which are usually prominent in the spectra of FUor type stars (e.g. Calvet et al. 1993; Reipurth et al. 2002; Aspin 2011) , are predicted by the presence of strong winds rising from the inner region of the disc (Herbig 1977; Bastian & Mundt 1985; Welty et al. 1992) . Therefore, the association of outflows and disc through energetic winds has begun one of the most promising scenarios to explain kinematic and dynamic motions at early stages of stellar formation.
As FUors are promising "laboratories" to contribute in the understanding of the envelope dissipation and core-to-star formation efficiency, we have conducted a new millimeter study of FUors and FUor-like stars presented in a series of papers by Zurlo et al. (2017) , Ruíz-Rodríguez et al. (2017) , Principe et al. (Prep) and Cieza et al. (Prep) . Here, we present ALMA band-6 (230 GHz/1.3 mm) continuum and 12 CO( J=2-1 ), 13 CO( J=2-1 ) and C 18 O( J=2-1 ) line observations of an FUor type object identified initially as a faint star in the Hα emission line survey of Haro (1953) and designated as V883 Ori. We also report the optical spectrum of the Hα line at 6563 Å taken with the MIKE spectrograph (Bernstein et al. 2003) .
Since its detection, V883 Ori, located at a distance of 414 ±7 pc (Menten et al. 2007 ), has been a source of major findings, thus providing hints about the formation and evolution of pre-main sequence stars. At first, its associated reflection nebulosity, IC 340, presented a morphological structure that suggested a star formation event involving the faint star, V883 Ori (Haro 1953) . Some years later, Nakajima et al. (1986) noticed a decrease in luminosity since V883 Ori was observed by Allen et al. (1975) . However, the first team to describe this event and suggest this source as an FUor type object with a bolometric luminosity of ∼400 L ⊙ was Strom & Strom (1993) . Although it was classified as an FUor type, no jet or molecular outflow was previously detected from V883 Ori (e.g. Sandell & Weintraub 2001) , until these observations. More recently, Furlan et al. (2016) fitted the spectral energy distribution of V883 Ori (a.k.a HOPS-376) and they classified it as a flat spectrum protostar, where the mass of the envelope within 2500 au was found to be 2.87×10
−2 M ⊙ and a cavity opening angle of ∼ 41
• . As a part of the Protostellar Optical-Infrared Spectral Survey On NTT (POISSON) performed by Caratti o Garatti et al. (2012) , V883 Ori was included and using Brγ as an accretion tracer, an equivalent width (EW) of -3.6 Å was found, corresponding to an accretion luminosity L acc (Brγ) of 61.3 L ⊙ . More recently, Cieza et al. (2016) described V883 Ori as a pre-main sequence object with a dynamical stellar mass of 1.3 ± 0.1 M ⊙ and photospheric luminosity of just ∼6 L ⊙ (based on the stellar mass, an assumed age of 0.5 Myr and the evolutionary tracks by Siess et al. (2000) ). Based on the stellar mass and the bolometric luminosity of 400 L ⊙ , they derived an accretion rate of 7×10 −5 M ⊙ year −1 , which is typical of FUor objects. More significantly, they reported the detection of the water snow line 2 at a distance of ∼ 42 au from the central star, a distance ∼10 times larger than expected for a disk passively heated by the stellar photosphere.
This relevant finding in an FUor ratified the importance of studying the evolution of circumstellar discs parallel to the outflows characteristic of these objects, in order to understand the main mechanisms involving the accretion flow and the high mass-loss rates. Table 1 summarises the estimated stellar parameters of V883 Ori.
We use 12 CO and 13 CO to describe the bipolar outflows of V883 Ori and the envelope material surrounding this source. We present the results of these observations in this article organised as follows. Section 2 describes the ALMA and MIKE observations, together with the reduction process. In Section 3, we report the results obtained from interferometry and spectroscopy, additionally, we described the detected spectral features of this FUor. The implications and impact of our findings are discussed in Section 4. The summary and conclusion are presented in Section 5.
OBSERVATIONS

2.1
12 CO( J = 2-1 ), 13 CO( J = 2-1 ) and C 18 O( J = 2-1 ) Lines The outflows are coloured with red to illustrate the red-shifted emission, while blue illustrates the blue shifted emission. Envelope material close to and accreting onto the disc is coloured with green and its infalling motion is indicated by the small green arrows. The green line with a position angle of ∼ 120
• depicts the rotation axis of the entire system. The inset shows a Keplerian disk probed by the C 18 O emission, where a water snow-line at ∼40 au reported by Cieza et al. (2016) is represented by the brown-blue gradient colour. Outward of the snow line, grain growth is accelerated by the high coagulation efficiency of ice-covered grains.
Ori (Cieza et al. 2016 ), V2775 Ori th , 2014 and April 15 th , 2015 using 37 and 39 antennas on the C34-2/1 and C34/2 configurations, respectively. These configurations are similar with the shortest baseline of ∼ 14 m and longest of ∼ 350 m. The precipitable water vapor ranged from 0.7 to 1.7 mm with an integration time of ∼ 2 min per each epoch.
Additionally, a third observation of V883 Ori was performed on August 30 th , 2015 with 35 antennas in the C34-7/6 configuration with baselines ranging from 42 m to 1.5 km, an integration time of ∼3 min, and a precipitation water vapor of 1.2 mm. The quasars J0541-0541, J0532-0307 and/or J0529-0519 (nearby in the sky) were observed as phase calibrators. J0423-013 and Ganymede were used as Flux calibrators, while the quasars J0607-0834 and J0538-4405 where observed for bandpass calibration.
Our correlator setup included the J=2-1 transitions of 12 CO, 13 CO and C 18 O centered at 230.5380, 220.3987, and 219.5603 GHz, respectively. The correlator was configured to provide a spectral resolution of 0.04 km s −1 for 12 CO and of 0.08 km s −1 for 13 CO and C 18 O. The total bandwidth available for continuum observations was 3.9 GHz. The observations from all three nights were concatenated and processed together to increase the signal to noise and uv-coverage. The visibility data were edited, calibrated and imaged in CASA v4.4 (McMullin et al. 2007 ). The flux density calibration uncertainty is 10 %. We used the CLEAN algorithm to image the data and, using a robust parameter equal to zero, a briggs weighting was performed to adjust balance between resolution and sensitivity. 
Optical Spectrum
Additionally, we observed V883 Ori on the night of 29 February, 2016 with the Magellan Inamori Kyocera Echelle (MIKE, Bernstein et al. 2003) , a double echelle spectrograph at the Magellan (Clay) 6.5 m telescope, located in Las Campanas, Chile. This high resolution spectrograph covers a full optical wavelength range in the blue (320-480 nm) and the red (440-1000 nm) regime with spectral resolutions of 25000 and 19000, respectively. Our observations were taken with a slit size of 0.7×5 ′′ and the data have been binned 2×2 in a slow readout mode with an exposure time of 1860 s. During the observation run were taken: Milky flats, Quartz flats, Twilight flats, ThAr comparison lamps and bias frames to use in the data reduction process. Thus, the data were bias-subtracted and flat-fielded to correct pixel to pixel variations by using the Carnegie Python tools 3 (CarPy; Kelson 2003) .
RESULTS
We obtained emission line profile data from V883 Ori of isotopologues 12 CO, 13 CO and C 18 O with transitions J = 2 → 1 to trace the different components of this FUor object. Figure 1 is a cartoon of the components detected with these optically thick and thin emissions, with a systemic velocity of 4.3 km s −1 (Cieza et al. 2016 ). The CO emissions with bipolar shaped lobes, symmetrically placed • synthesised beam is shown on the lower left corner of each panel. The upper right insets are a closeup of ± 2.7" for 13 CO and ± 2.1" for C 18 O of the central object. The purple and red ovals indicate the emissions traced by 12 CO and 13 CO as described in Sections 3.1 and 3.2.
around the central object (V883 Ori) are the product of the direct interaction between young outflows and the surrounding envelope, where the molecular outflows entrain part of the gas along the outflow axis independent of the physical origin. Then, from 12 CO and 13 CO emissions a bipolar shape is probed, where the cavity traced by the 12 CO and pointing towards us, is less embedded in the surrounding envelope, while the cavity traced by the 13 CO is more embedded than its counterpart. Unfortunately, we could not rule out faster gas towards the outflow axis from this data set or previous observations in databases. The colder and denser material close to the central object is traced by the 13 CO and C 18 O isotopes, where a disk with a Keplerian rotational profile is probed by the C 18 O emission. For simplicity throughout the text, the blue-and red-shifted 12 CO and 13 CO emissions probing the bipolar cone are referred to as the southern and northern cavities, respectively. In order to estimate the outflow position angle (PA), we drew a line along the velocity gradient observed in C 18 O and through the 1.3 mm continuum and thus, we obtained a PA of ∼ 120
• north through east 4 . From the 1.3 mm continuum emission, Cieza et al. (2016) found a position angle of ∼ 32.4
• and from the major and minor axes of this emission an inclination (i) of ∼ 38.3
• ± 1.0. Here, we adopted this inclination value to describe the orientation of the outflows. 
3.1
12 CO Emission Figure 2a presents the integrated intensity of the weighted velocity (moment-1) maps for V883 Ori. This moment is integrated over the narrow velocity range with respect to the Local Standard of Rest (LSR) of 2.0 − 6.25 km s −1 , where the emission is detected at levels higher than 3σ (σ = 1.5×10
−2 Jy beam −1 ). This integration range for 12 CO is chosen to match the moment-1 of 13 CO and to display the kinematic structure of the 12 CO and 13 CO line emission, see Section 3.2. The 12 CO emission tracing the southern molecular outflow has a range between ∼ 0.75 km s −1 and ∼4.25 km s −1 , while the red-shifted emission is observed in the range between 4.5 and 8.0 km s −1 . The former emission is bright and extends up to the systemic velocity, which clearly traces the shape of the southern cavity. The latter is detected mostly close to the central object, and at what seems to be the end of the right arm of the outflow. However, emissions at velocities of ∼ 4.5 km s −1 are more likely to correspond to the parent molecular cloud. Thus, the emission indicated with a red oval in Figure 2a , at a velocity of ∼ 4.5 km s −1 , seems to be better explained as being dominated by ambient emission rather than from an outflow emission, see also Figure 4 . A slab of colder and denser envelope material located in the northern region of the outflow might be blocking the 12 CO emission, making its interpretation ambiguous because the optically thin 13 CO emission is brighter on this side of the object (see Section 3.2 for more details). Another possibility is that the surrounding envelope might be built with different velocity components, and in the case of V883 Ori, the narrow velocity range of this emission causes the red-shifted 12 CO emission on this side of the cavity to be spatially filtered out. Figure 4a shows the 12 CO channel maps, with a channel width of 0.25 km s −1 , where the outflow cavity of a parabolic shape is more predominant at velocities of ∼ 3.25−3.50 km s −1 . Interestingly, there is a slightly noticeable elongated feature towards the southeast, while in the 13 CO channel maps a more pronounced feature is displayed in the same velocity range and location, which geometrically overlaps the 12 CO feature, see Figure 4b . This feature seems to move further away from the central source, and could potentially be explained as outflowing layers entrained by a wideangle wind. For this matter, we further explore kinematic features in the position-velocity (PV) diagrams to identify a possible parabolic PV structure, which can be produced by a wide-angle wind model at any inclination (Shu et al. 2000; Lee et al. 2000) . Unfortunately, we did not find any signature of this characteristic, however, this does not rule out a radial wind producing a molecular outflow with a wide-opening angle. From the southern cavity emission, we estimate an apparent opening angle of the outflow following the relation:
where R o is the transverse radius or radius to the rotation axis and z o is the distance along the outflow where the angle is measured (e.g. Lee & Ho 2005) . Thus, an opening angle of ∼ 150
• is revealed beyond ∼ 600 au from the central source and an extension of 7300 au assuming a distance of 414 ±7 pc (Menten et al. 2007) .
The narrow velocity range shown in the channel maps of 12 CO data at velocity resolution of 0.25 km s −1 , Figure 4a , leads to the conclusion that the outflow is not as highly energetic as other FU Ori objects in a similar evolutionary stage (Class I).
A hole in the
12 CO emission?
In Figure 3 , we present integrated intensity maps of the 12 CO emission over the velocity range between 0.75 and 8.0 km s −1 . Overall, this emission traces the southern outflow as described above,however, it also also presents a particular flux drop coincident with the central dust continuum peak. The inset of Figure 3 a zoomed in image of the hole, which is significantly weaker by a factor of ∼15 compared with the immediately surrounding emission. This feature is more likely due to dust absorption of the line emission and with a contrast of this magnitude, this implies that the dust continuum is considerably more optically thick than the CO emission around the central star.
3.2
13 CO and C
O Emissions
Usually, millimeter observations of 12 CO in star-forming environments tend to probe optically thick gas due to the high fractional abundance (χ CO ≈ 10 −4 ) of the isotope, while a less abundant CO isotope such as 13 CO probes optically thin material. Thus, 13 CO as a medium density tracer allows us to probe a higher density region than the low density tracer, 12 CO. Figure 2b shows the 13 CO moment-1 map integrated in the velocity range between 2.0 and 6.25 km s −1 . The 13 CO gas has a bipolar distribution with respect to the outflow source on the northern side of V883 Ori, which covers the red-shifted velocities between 4.5 and 6.5 km s −1 . This emission likely rises from the outer envelope that surrounds the protostellar core and the material interacting with the immediate surroundings of the outflow. The southern cavity (blue-shifted 13 CO emission) is more diffuse and weaker than on the northern side. The southern cavity emits at velocities between 1.75 and 4.25 km s −1 and probes envelope material that might indicate that the outflow has been able to accelerate medium-density gas at large distances away from the central object, where the highest velocity components are observed close to the central object and ambient velocity components widen from the central source.
In figures 2a and 2b the moment-1 maps of 12 CO and 13 CO are shown, integrated over the same velocity range for comparison (2.0 − 6.25 km s −1 ). The physical connection between the base of the cavity-envelope system traced by the 13 CO isotope and what seems to be envelope material traced by 12 CO, that reaches velocities of only 4.5 km s −1 , is indicated by a red oval in the 12 CO moment-1 map and the physical location of the 12 CO emission in the moment-1 of 13 CO is indicated by a purple oval. The velocity field shows a gradual decrease in speed from the inside out. At small radii, the outflow may be entraining inner envelope material, while at large distances from the central source it widens and acquires the systemic velocity.
Indeed, Figure 4 presents the 12 CO and 13 CO channel maps, where the emission of both isotopes overlap and trace envelopeoutflow material. Both, 12 CO and 13 CO emissions peak on the central star, where the central disc is located. The blue shifted 12 CO and 13 CO line emission maps of V883 Ori reveal the low and medium density material expanding, part of which have already been noticed in optical images, since the northern outflow is not observed, such as in the I-band image shown in Figure 5 where only the southern outflow appears illuminated. An important implication of these emissions is that the cavity traced by the 12 CO gas and pointing towards us, is less embedded in the surrounding envelope, while the cavity traced by the 13 CO is more embedded than its counterpart. This is supported by the lack of detection of the 12 CO gas and the bright detection of 13 CO on the northern side of the object. Besides the progressive dispersion of dense molecular gas at the northern region, an infalling and rotating motion is also observed close to the central star-disk system. It can be noted in the inset of Figure 2b that at the base of the cavities, the 13 CO gas probes a velocity gradient along the major axis of the 1.3 mm continuum, consistent with a Keplerian rotation and indicating the rotating and infalling material onto the central source. The infalling envelope near systemic velocity agrees with the rotating equatorial disc (Cieza et al. 2016) , also observed with C 18 O, the lowest abundant isotope.
The densest material in V883 Ori is traced by the observations of the C 18 O molecule, and presented in Figure 2c as the moment-1 map integrated over the velocity range 2.0−6.25 km s −1 . It is evident that this velocity map shows a structure delineating the material rotating around central object. In addition, the shape of the C 18 O emission of these maps is very similar to the shape of the 13 CO gas towards the base of the cavities. 
Optical Spectra
In order to study the winds detected in the optical regime, we obtained from MIKE the spectrum of one the most commonly observed outflow tracers, the Hα line at 6563 Å. Clearly visible in Figure 6 is the line characterised by a P-Cygni profile representing a wind/outflow, which is built of a strong and asymmetric blueshifted absorption component together with a red-shifted component. The slightly blue-shifted absorption feature shows a wing profile that extends to ∼−360 km s −1 , while the emission line extends up to ∼180 km s −1 . The blue-shifted feature shows a very asymmetric line with the deepest absorption at ∼−14 km s −1 with the edge extending up to ∼−65 km s −1 , which remains relatively invariant until it reaches ∼−150 km s −1 , then it weakens as the blueshifted profile increases. Thus, the blue-shifted absorption seems to be composed of different features: a low-velocity and strong feature and a weaker structure fading as the velocity increases. The sharp change in the equivalent width (EW) of this feature indicates a recent increase in mass loss rate of the system (e.g. Laakkonen 2000) . On the other hand, the red-shifted emission peaks at ∼ 90 km s −1 and its intensity is not as strong as the blue-shifted absorption.
Outflow Masses and Kinematics
The fact that most of the 12 CO emission in the southern cavity has a much higher intensity than the 13 CO line, indicates that the 12 CO line can be used as a tracer of the gas column density of the southern cavity. Likewise, the 13 CO emission can trace the northern side of V883 Ori. Considering that both the 12 CO and 13 CO lines trace the bipolar cavity, we use these emissions to derive estimates of the mass of the outflow, M flow , and its kinematic properties (kinetic energy, E flow , momentum, P flow , and luminosity, L flow ) in the standard manner (e.g. Cabrit & Bertout 1990; Dunham et al. 2014) . Thus, following the process described in Section 3.4 in Ruíz-Rodríguez et al. (2017), we estimate these quantities from the blue-and red-shifted emissions, separately. However, as is often stated, the 12 CO emission is optically thick and to derive accurate gas column densities, it is necessary to correct for the optical depth of this line. For that matter, 13 CO, as an optically thin tracer, is (Langer & Penzias 1993) , from all the channels with detection above 3.5σ. We also consider that 12 CO and 13 CO probe opposite regions in the bipolar shape of V883 Ori, meaning that the number of channels with a computed ratio is small because 12 CO and 13 CO trace different regions at a narrow velocity range. Therefore, in order to apply the correction factor to all the channels with 12 CO detection, it is necessary to extrapolate values from a parabola fitted to the weighted mean values of the form
In the fitting process, the minimum ratio value was fixed at zero velocity and we did not include those data points presented as the red dots in Figure 7 , because at these velocities 12 CO starts becoming optically thin. The best fit with a χ 2 of 0.6 is shown in Figure 7 as a solid green line, where the blue dots correspond to the weighted mean values and the error bars are the weighted standard deviations in each channel. In this particular case, the fitted parabola and the derived outflow parameters must be taken with caution because of the poor fitting, which highly depends on the weighting of the last data point to the right, see Figure 7 . This is because the 13 CO emission is usually not detectable or is very weak in most mapping positions and velocities where the 12 CO emission is detected, and vice versa.
To assure we are using the emission mostly from the outflow, we performed a first cut to values above 5σ and the integration of channels between velocities ranging from 1.5 to 4.25 km s −1 and between 4.5 and 7.0 km s −1 . In order to obtain a total estimate of these values, the range and number of channels in the integration are the same for 12 CO and 13 CO. The characteristic velocity of the outflow of ∼0.65 km s −1 is estimated using v flow = P flow M flow , where P flow and M flow are the momentum and mass of the outflow, respectively (e.g. Dunham et al. 2010) . Taking the extent of the 12 CO blue-shifted emission of ∼7300 au (17.5 ′′ ) and the maximum speed of the gas extension, obtained using
where v 13 and v 12 are the 13 CO red-and 12 CO blue-shifted maximum velocities, we estimated a kinematic age for V883 Ori of ∼10000 years to obtain the mechanical luminosity and mass loss rate of the outflow. Here, it is important to note that the estimate of the dynamical timescale is a lower limit since we have only used our ALMA data and ignored the apparent extension observed in optical wavelengths of ∼ 64 ′′ , see e.g. Figure 5 . Thus, the outflow with an apparent extension of ∼ 27000 au, could be 4 times older than our estimate. We note that this estimated age (> 10 4 yr) is larger than the typical duration of an FU Ori outburst (∼ 10 2 yr). This implies that the ongoing accretion outburst cannot be directly responsible for the properties of the observed outflow. Table 2 shows the estimates 5 at temperatures of 20 and 50 K. The actual values could be higher than those listed in Table 2 because the estimated properties highly depend on the true values of the outflowing gas temperatures for both the 12 CO and 13 CO lines, and our observations have a maximum resolvable angular scale (MRS) of ∼11 ′′ , meaning that a fraction of the total outflow emission might be missing. In other words, the outflow cavities are ∼15 ′′ across, and thus larger than the MRS. Hence, an extended component (>11 ′′ ) between the outflow cavities might not be resolved out. Future observations with the ALMA Compact Array would be useful to image the outflow at larger angular scales. In addition, taking into account that the difference between the outflow and envelope emission is marginal based on the small number of channels of 12 CO and 13 CO with emissions above 3σ, these estimates could be contaminated by envelope emission.
DISCUSSION
The extension and velocity of the outflow in the V883 Ori system
From Figure 2 , it is evident that the southern cavity is traced by the 12 CO emission, while the 13 CO emission traces the shape of the northern cavity. Together, these emissions delineate the bipolar outflow of V883 Ori. In optical images (Ahn et al. 2012) , the southern cavity seems to have a much larger extension than in our ALMA data. However, this could be an effect of the illumination caused by the interaction of the dusty material and the high luminosity of the central object. Figure 5 shows a comparison of the optical image and the bipolar outflow ( 12 CO and 13 CO emissions), and although the outflows roughly coincide in the projection over the I-band image, comparing these observations is not straightforward and thus, it does not ensure that the I-band image shows the real and physical extension of the cavity. Also, it is worth noting that the relatively limited field of view (FOV) of our ALMA data of only 0.1 arcminutes 2 cannot be compared well with other facilities with considerably larger FOV, such as the I band image shown in Figure 5 with FOV of ∼ 0.5 arcminutes 2 . Future mosaicking observations with ALMA or imaging by interferometers with a larger field-of-view, such as the Submillimeter Array, are needed to better determine the real extension of the outflow.
From the 12 CO blue-shifted emission, an opening angle of
∼150
• is estimated, where one of the most striking characteristics of the outflows is the relatively slow velocity with a characteristic velocity of only ∼ 0.65 km s −1 , see Figure 4 . The typical FUor outflow velocity ranges between 10 and 40 km s −1 with a wide range of collimation (Evans et al. 1994; Zurlo et al. 2017; Ruíz-Rodríguez et al. 2017) , although, some FUors do not show CO emission associated with outflows (e.g. FU Orionis itself does not show an outflow (Evans et al. 1994) (Dunham et al. 2011 , and references therein). However, these are younger, still embedded cores, with low luminosity and are not experiencing high accretion rates (i.e. outburst). V883 Ori is a stellar object of 1.3 M ⊙ and extremely luminous, accreting a large amount of matter onto the central source through a disk with Keplerian rotation (Cieza et al. 2016 ). This Keplerian disk, from the 1.3 mm continuum map, is observed without asymmetries, discarding a stellar companion influencing the geometry and kinematics of the outflows. Thus, the physical mechanism responsible for these particular slow and wide-angle outflows must be triggered during and/or after the formation of a rotationally supported disk.
Recently, a similar opening angle was observed in the FU Ori Class I, HBC 494 . The authors attributed the wide opening angle due to the presence of energetic winds as a result of the interaction of highly accreting disc inner edges with a strongly magnetised central star (Snell et al. 1980; Blandford & Payne 1982; Shu et al. 2000) . However, HBC 494 presents a very energetic outflow with a velocity gradient perpendicular to the outflow axis of rotation, while V883 Ori does not harbour an energetic driving source. This can be noted in the moment-1 of the 12 CO and 13 CO emissions shown in Figure 2 and obtained from an integration of a very narrow velocity range (2.0 -6.5 km s −1 ). This narrow emission suggests that the triggering mechanism of these wide opening outflows in V883 Ori might have occurred 1) a long time ago, where another FUor outburst event could take place with an average time span of thousands of years between outbursts (Scholz et al. 2013) or 2) in a quiescent disk without the creation of a high velocity outflow component, which might be related to rotation of the central protostar (Romanova et al. 2005; Königl et al. 2011) . Unfortunately, there is not a record of the outflow onset or evidence of a high velocity component emission to rule out and/or confirm any of these possibilities.
While the narrow velocity of the 12 CO and 13 CO emission implies a slow outflow (see Figure 4) , it also impacts the estimates of the mass and kinematic parameters shown in Table 2 (i.e. mass-loss rate, the mechanical luminosity, momentum, and kinetic energy). Nevertheless, these values are on the order of other FU Ori objects such as, V2775 Ori, L1165, HBC 494 Dunham et al. 2014; Ruíz-Rodríguez et al. 2017) . Similarly, compared to previous studies a total outflow mass in the range of 10 −4 and 10 −1 M ⊙ is typical of outflows in other young stars (e.g. Wu et al. 2004; Curtis et al. 2010; Arce & Sargent 2006; Dunham et al. 2014; Klaassen et al. 2016) . Inspecting Table  2 , the outflow parameters increased by a factor of ∼60-70, after correcting for optical depth effects, in agreement with previous results that established that these outflow parameters can increase by factors of up to 90 after correcting for inclination and optical effects (e.g. Curtis et al. 2010; Dunham et al. 2014; Ruíz-Rodríguez et al. 2017) . However, it is not easy to directly compare these parameters because 1) uncertainties in the method used and 2) the estimates in the literature differ by observing method, i.e. single dish vs. interferometer observations. For instance, parameters from single-dish data may take contributions from the extended cloud emission, increasing these estimates by a few factors when compared with the smaller scales sampled by the interferometer. Therefore, a more complete characterisation of the kinematics and dynamics of the outflows in FUors is required in the near future.
Comparison with other P-Cygni profiles.
In general, the presence of a P-Cygni optical profile indicates powerful winds likely rising from the disc (Hartmann & Kenyon 1996) , allowing the accretion of matter onto the central stellar core (e.g. Bai & Stone 2013) . As P-Cygni profiles have been observed in Hα lines of FUors such as FU Ori, V1057 Cyg and HBC 722 (Herbig et al. 2003; Powell et al. 2012; Miller et al. 2011; Lee et al. 2015) , here we compare our spectrum to those objects as is shown in Figure 6 . These spectra were previously presented in Lee et al. (2015) and observed with the High Resolution Spectrograph (Tull 1998 ) of the Hobby−Eberly Telescope (HET) (Ramsey et al. 1998) at McDonald Observatory and the Bohyunsan Optical Echelle Spectrograph (BOES) at Bohyunsan Optical Astronomy Observatory.
Although comparing the Hα profile of these objects is difficult because they differ in: 1) time from last outburst and 2) amount of envelope material; these objects have shown observational evidence of the main features and variability of their profiles. For instance, HBC 722 is an FU Ori object observed pre-and post-outburst (Cohen & Kuhi 1979; Semkov et al. 2010 ) and thus, it offers the opportunity to compare the spectrum of an FUor in a quiescent state and during the outburst (∼ 6 years from outburst). The spectra of this object have changed significantly pre-and during outburst. In short, pre-and during outburst the Hα profile remained mostly in emission, while decreasing its EW (between Aug and Sept. 2010; Semkov et al. 2010) , until finally a few months later they acquired the shape of a P-Cygni profile (on Dec. 2011; Semkov et al. 2012) . Subsequently, the detected P-Cygni profile presented a constant strength variability in the following years, (more details in Lee et al. 2015) . In Figure 6 , it can be noted that the blue-shifted absorption feature is considerably less broader than the Hα profile of V883 Ori. Then, if the EW strongly depends on the physical events taking place around the central star, an increase in the mass loss rate might broaden the EW (Laakkonen 2000) . That is the case of the Hα profile of V1057 Cyg, which also has varied in time since its outburst (∼ 40 years from outburst) (Laakkonen 2000) . The width of this profile is more similar to the Hα of V883 Ori, however, the latter shows a particular shape, see Figure 6 . This peaked feature seems to be built by different components and located at different distances from the central star, one is a weaker and high velocity component and the other(s) is a strong and low velocity component(s). In fact, it has been argued that a narrow central absorption comes from the central object and the "wings" correspond to the disc (Lee et al. 2015) . However, V883 Ori with a bolometric luminosity of 400 L ⊙ (Strom & Strom 1993) complicates the identification of these components, independently.
On the other hand, the Hα profile of FU Ori highly differs from the Hα profile of V883 Ori. To begin, a P-Cygni profile has vanished almost completely, where the red-shifted emission line has decreased considerably (∼ 79 years from outburst). A similar feature was observed in HBC 722, soon after the outburst when the wind diminished, leaving mostly an Hα absorption profile (Lee et al. 2015) . Although, we cannot directly compare or make a conclusion about the evolutionary state of the system, the Hα profile of V883 Ori indicates the presence of strong and persistent winds, which might be related to the wide-opening angle of the outflows. In fact, if the Hα absorption profile of V883 Ori arises solely via the accreting shock on the stellar photosphere, this would lead to the launching angle of the wind to be 52
• .
4.2.1 P Cygni and Slow Winds.
In general, the blue-shifted absorption features in FUors highly depend on the velocity shift, where larger blue-shifts are related to the strength of the profile line (Petrov & Herbig 1992; Calvet et al. 1993; Hartmann & Calvet 1995) . If one assumes the strong winds originate in the accretion disk, the strongest lines show the largest expansion velocities, while the weak lines originate close to the disk photosphere. Potentially, magnetic fields anchored in the rotating disc itself could accelerate disk winds outwards (Blandford & Payne 1982; Shu et al. 2000) . However, the slow winds in V883 Ori might originate in the outer part of the disk, where the location of the footpoints of wind-launching magnetic field lines on the disk, might determine the velocity components of the system.
SUMMARY
In this paper, we have presented the results of the ALMA observations, together with the optical spectrum of V883 Ori. This object is an FU Ori source with a wide opening angle of ∼ 150
• (measured east through north) with an extension of ∼7300 au that was detected from the 12 CO blue-shifted emission. From the 12 CO and 13 CO emissions a bipolar shape of the outflow cavities is traced, while C 18 O emission probes a Keplerian circumstellar disk. V883 Ori is a unique FU Ori object because it presents such a slow outflow with a characteristic velocity of only 0.64 km s −1 . This is surprising as current models predict outflow velocities of around 10−50 km s −1 (e.g. Pudritz & Norman 1986; Federrath et al. 2014 ). Therefore, further theoretical and observational studies are needed to investigate the origin of the slow and wide angle outflow in V883 Ori. A P Cygni profile observed in the Hα line centred at 6563 Å provides evidence of the presence of winds likely rising from the disc and being the physical mechanism responsible for the morphology of the outflows. We estimate the kinematic properties of the outflow in the standard manner, these values are on the order of other FUors and young stars with outflows; after these parameters were corrected for optical effects, they increased by a factor of ∼ 60-70. However, as discussed in Section 3.4, this optical depth correction must be taken with caution.
